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Abstract 
The significance of researching on digital charger was simply introduced firstly. The theory of digital charger main 
circuit was particularly analyzed composed of shift-phase full bridge inverter and secondary rectifier. Control system 
circuit based on the TMS320LF2407A, software and digital PID controller was particularly designed. Outcome of the 
experiment and technical parameter were given. The charger has good output characteristic with soft switching, 
digital control and could meet the need of complex charging method of different kinds of battery. 
© 2011 Published by Elsevier Ltd.  
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1. Introduction 
With the continuous development of electric vehicle industry, suitable for electric vehicles special 
requirements of power battery is also in constant development, so the requirements of special charger is 
also enhanced unceasingly. The ever-improving DSP technology marking the rise of digital technology 
makes the control field also face a major technological change. Therefore, researching for digital control 
technology of special charger electric vehicles will have very important theoretical significance and 
application value to develop domestic electric vehicle charging devices [1]. 
Lord loop of charging machine is the basis of digital charger, affects the performance of charger 
directly .Inverter type power has characteristics of small volume and light quality; It has the very high 
* Corresponding author. Tel.: +86-0311-81668718; fax: +86-0311-81668718. 
E-mail address: UC3875@163.com. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
100  WANG Li-wei and WANG Dian-long / Procedia Engineering 29 (2012) 99 – 104 Author name / Procedia Engi eering 00 (2011) 000–000 
response speed because of the high working frequency, and it easy to realize complex output characteristic 
to meet the need of charging curve of different charging strategy. Therefore, this paper regards the scheme 
of full- bridge with secondary rectification as the main circuit of charger. 
Main circuit principle diagram is shown in Fig.1,Vs represents DC voltage which get from single-
phase or three-phase ac rectifier, Q1 - Q4 is the power switch IGBT, T1 is the power transformer, D1, D2 
is rectifier diode in the secondary-side of transformer, Lf and Cf is output filtering inductance and filter 
capacitance respectively. 
Fig.1 The main circuit schematic 
Driving pulse timing diagram is shown in Fig. 2, it is almost as same as the traditional phase shifting 
control, but the dead time between Q2 and Q4 vary with duty cycle (such as the shaded part shows). 
When the bus voltage is with higher or lighter load, it will have more delay time between Q2 and Q4. In 
each half a cycle, Q4 and Q1 will be opened at the same time, but Q4 will be turned off first. So Q2 and 
Q4 compose early bridge arms, and the Q1 and Q3 compose lag bridge arms [2]. 
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Fig.2 Driver pulse order of the main switch 
Assume the Q1 and Q4 working in the on-state at first, and the C2, C4 will be buffer capacitance for 
ZVS of Q4 when it was turned off at one time. Although trailing current still exist in Q4, but turn-off 
losses of ZVS will be reduced largely. Llk (Refers to high-frequency transformer leakage inductance and 
line equivalent inductance) will make the voltage of C4 continue to grow until the reverse voltage applied 
to Q2 exceeds 30V, and causes reverse avalanche. At that time, Q2 is similar to a zener diode. Avalanche 
stop when energy (1/2Llkip2) has been transferred to the Q2, meanwhile it make ip attenuate to zero. The 
potential of b remains above busbar voltage when ip reduced to zero just now, and the voltage difference 
between b and busbar equal to the IGBT reverse avalanche voltage, so there is low current will reverse 
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flow back through Q1. It will help storage electric charge composite in the Q1, result in eliminating of 
trailing current in Q1.And it makes Q1 achieve zero voltage switching (ZVS). Due to apply reverse 
voltage, Q2 will be realized non-loss opening at zero-voltage state. Finally, Q3 will be turned on after Q1 
having been shut off, and begin to half cycle. 
2. Digital Control System Circuit Based on the TMS320LF2407A 
Adopting digital signal processor as switching power supply controller is not only overcoming the 
shortcomings of division element overmuch, circuit poor reliability and circuit complex, but also solving 
weakness of monolithic integrated controller is not flexible. In addition, DSP has the advantages of higher 
frequencies, shorter instruction cycle and improve bus structure, which has powerful data processing 
ability. The chip of TMS320LF2407A is new member of 24X series DSP of TI company, it has been applied to 
digital control of the motor widely and can fully realize electric vehicle charger with the digital control through the 
programming cooperate with external circuit [3]. Control system function diagram is shown in Fig.3.The control 
system, which base on TMS320LF2407A, can achieve all the control functions through external circuit: 
• ADC sampling circuit samples input signal, which has been processed by filter circuit ,and input to 
CPU;
• After testing by bias magnetic detection circuit,TMS320LF2407A would catch the bias magnetic 
signal and process, if bias phenomenon appeared in power transformers; 
• TMS320LF2407A generates limited dual polarity PWM control signal ,and the control signal drives 
IGBT(on/off) after amplifying by a isolated drive circuit; 
• Some control functions can be realized by using internal I/O interface of DSP, such as pilot light 
indicating, contactor control, cooling fan control and so on; 
• Use SCI serial communication to display and control regulation; 
• Communicate with external equipment through the CAN2.0 controller. 
Fig.3 Frame chart of control system 
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During the running time of power, there could be some abnormal condition, Such as the devices are 
not consistent with each other, primary side of transformer may be saturated because of magnetic biasing; 
straight-through of full bridge circuit makes the primary side busbar appear short circuiting; over current 
in load of vice side flow, radiator overheating. Therefore, in order to solve the abnormal state, the 
hardware circuit must be designed fully and take corresponding protective measures. 
3. Software Design of Control System 
Control system is responsible for the whole charging process control and monitor, realize the digital 
control in the charging process. Control software of charging power can be programmed by C language 
and assembly language. It should realize control function, but reasonably and simply. So that control 
system can adapt to requirements of stability and reliability of high power supply. 
3.1.  The Overall Structure of the Software 
The function of control software includes the following aspects: sampling process; software calculates 
the output pulse width by sample value, and adjust output PWM pulse width according to this value; It 
can accept control instruction and send the output current or voltage value through the SCI 
communication; the CAN communication program; It has troubleshooting and protection function 
program. The initial program of control system software and main program flow chart is shown in Fig. 4. 
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Fig.4 Main programme flow chart of control system 
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In order to improve the operation efficiency of the software, it need to put part that need not process 
timely in main program, and put some need inside through interrupt way to undertake handling, such as 
the process of display and control should be arranged in the main program. However, the work, which 
need processing cyclically or must be handled in a timely manner, should be handled by the interrupt way. 
In addition, CAN communication program also uses the interrupt service routine to be handled. Charging 
methods and process can be determined and adjusted according to the received information. 
3.2.  The Brief Design of Digital PID Controller 
PID control has a number of advantages includes simple structure and easy adjustable parameters. 
Consequently, it was been used widely in the continuous system control technology. It is a kind of control 
method makes the deviation of controlled variable calculate by proportioning, integrating and differential, 
and makes the result linear combination, that control rule as follows: 
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As digital PID control is a method of sampling control, which calculates control variables accord the 
deviation of the sampling time. So the integral and differential item cannot be direct calculated accurately 
in type (1). For this reason, this control system adopts incremental PID algorithm, and control law 
formula is given as:
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Due to the high frequency the charger need, the requirement of response time of controller is high. △ui
corresponds to the increments of controlled variable at the moment i, namely change values of PWM 
pulse width. Tape (2) show that incremental algorithms only need to save the deviation of the first three 
times, so it takes up a little space, and little influence on the system When appear calculation error or 
precision insufficient, accumulative error is also small. Besides, in every time of restart, system can 
control based on the previous, obviously decrease its response time. Meanwhile system also avoids output 
value changing greatly which caused by accidental factors, so it will make system reliability increased 
greatly. In this system, the parameters of the PID controller are determined by experimenting and ongoing 
setting, achieved satisfactory results finally. System sampling period is switching cycle of main circuit, 
the next cycle output pulse-width can be calculated by sample value of the former period, and there must 
be a calculation at the time of every sampling interrupt. The PID algorithm nested in the ADC interrupt 
handling routine. 
4. Test Results and Technical Parameters 
The whole experiment system includes charger, power battery (Ni-H) of EV, pure resistance load, PC 
and test equipment such as digital oscilloscopes.  
The results of waveform test about voltage (Up) and current (IP) of primary side are shown in Fig. 5.In 
the waveform, that primary voltage (Up) and current (IP) are ideal. Primary voltage and current don't 
appear current peak and voltage peak like traditional hard switching, because power switches works at 
ZVS (Zero Voltage Switch) and ZCS (Zero Current Switch). 
The response curve of System output is on show Fig. 6. It can be seen that system takes only 0.5 
seconds to make output voltage rise from 200V to 500V from the chart. This shows system has some 
advantages，include quick response, small overshoots and high good steady accuracy. 
The technology parameters of Charger are on show as follows: 
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• Input voltage: AC 380V three-phase AC; 
• Output voltage: DC 300V-720V adjustable; 
• Output current: 0-30A adjustable; 
• Charging efficiency:≥90%; 
• Output ripple:≤1%; 
• Work temperature: －20℃-＋60℃.
                                          
Fig.5 Waveform of power transformer prior current and voltage                   Fig.6 Response curve of system set value 
5. Conclusion 
The digital electric vehicle charger adopts the technology of soft switching, improves charger's 
charging efficiency and reliability. The control system adopts digital processing chip and digital control 
technology, so it has good real-time performance and excellent control function, and can satisfy complex 
charging requirements of different power battery. The machine, which adopts modular way, can 
communicate with electric vehicle reliably, and man-machine interactive good. 
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